In any large series of cases of spontaneous cerebral haemorrhage there are some of obscure aetiology that have certain clinical features in common. They occur in the younger age-groups, and although the onset of symptoms may be sudden, loss of consciousness is often delayed or incomplete. The cause of the bleeding often remains obscure on clinical examination and full investigation. Before the catastrophe the patient's condition has given no hint of any latent cerebral lesion. Although ultimate anatomical examination may reveal a vascular anomaly, the responsible lesion may be difficult to locate both on account of its situation and small size. For these reasons we propose the name " cryptic " for the series to be described. The incidence of these cryptic hamartomas in a total necropsy series of 461 examples of spontaneous intracranial haemorrhage, with a brief morphological account, has been published by one of us (Russell, 1954) . MATERIAL This series comprises a total of 20 cases derived both from the Neurosurgical Department (seven with survival after operation) and the necropsy records (13) of the London Hospital. All were under 40 years of age, 15 being under 20 years. The sex distribution is 11 males to nine females.
The cases are divided into three groups according to the anatomical situation of the lesion: Group I, related to the cerebral convexities ; Group II, central cerebral; and Group III, cerebellar. GROUP I This group comprises 10 cases, six of which came to necropsy (Table 1) . A fuller account of Cases 6, 8, and 9 is given below for illustrative purposes.
Clinical Summary
As a rule the neurological disturbance comes without warning, usually during the daytime. The subject, having been perfectly well, collapses at 1 school or in the street, or in other unprovocative circumstances. Complaint of intense headache is accompanied by vomiting and shock. Convulsions sometimes occur. The pupils are often inactive and there may be a strabismus. Flaccidity of the limbs is followed by spasticity on one or both sides of the body, with extensor plantar responses. Involuntary movements of the limbs may occur in association with intraventricular haemorrhage. At a varying interval drowsiness deepens to coma, with cyanosis, stertorous breathing, and a full, bounding pulse. In the fatal cases, deeply'bloodstained fluid is often obtained by lumbar puncture, because of the frequency of ventricular haemorrhage. In these cases death has followed within a few hours or days of the onset. Pathology In all but two examples in this series, the lesion was in the area of supply of the middle cerebral artery; one each lay in the areas of the anterior and posterior arteries respectively. The left hemisphere was affected in six, the right in four cases. On inspection the lesion sometimes appeared on the surface (Case 9; Fig. 1 Known to be well tortuous and dilated vessels related to the underThe size of the haematoma has varied considerably. lying haematoma. But sometimes it was buried in In our necropsies the smallest measured 3 by 0 5 the depths of a sulcus while the surface vessels cm.; the largest 10 by 3-5 by 2 cm. But in four of appeared quite normal (Case 6; Fig. 2 ). It is these six cases the ventricular system was also indeed likely, as perhaps in Case 2, that certain of involved. In addition to leptomeningeal haemorthese deeper lesions are destroyed in the event of a rhage, subdural haemorrhage occurred in Cases 5 large haemorrhage. We have in our own necropsy and 6; the latter was doubtless due to rupture of records certain other cases, excluded from this the arachnoid membrane under pressure. study, in young subjects in whom the source of a Microscopically, these vascular hamartomas are large spontaneous haemorrhage has not been composed of enlarged and tortuous arteries and demonstrated. The frequent absence of any en-veins occupying a restricted area of the pia and largement and tortuosity of the vessels upon the subjacent cerebrum in the region of the haemorrhage adjacent surface of the brain is an important (Figs. 2, 3 Clinical History.-Three years before admission to the London Hospital he had an episode of intense headache and neck stiffness which lasted two days. Three months ago he had another attack of headache and was admitted to a local hospital. Lumbar puncture yielded bloodstained cerebrospinal fluid. He rapidly improved and was free of symptoms at the time of his admission for investigation. Examination revealed no abnormal physical signs. He was right-handed. On June 13, carotid angiography was performed under general anaesthesia. The x-ray pictures showed in one projection an abnormal collection of fine vessels in the left frontal region (Fig. 4) Apart from these cavities an old friable infarct occupied the cortex of the left middle frontal convolution, extending from the coronal level of the genu of the corpus callosum to involve the inferior frontal convolution, the adjacent operculum, and part of the corona radiata. Similar infarction affected a large area of the parietooccipital cortex, ending 3 cm. in front of the occipital pole. There was considerable pultaceous softening of the subcortical white matter in the occipital lobe. The rest of the brain appeared normal.
Microscopic Examination.-Although unseen macroscopically, two of the four sections taken through the cavities in the frontal pole reveal an arteriovenous malformation related to both (Fig. 2) . It occupies the cortex and subcortical white matter of the inferior aspect of the lobe in the depths of a sulcus, and is supplied by abnormally large, malformed vessels in the leptomeninges. The enlarged and tortuous elements of this lesion are individually separated by neural tissues in which there is considerable focal gliosis. One of the vessels is partly occluded by recent thrombus and there is recent haemorrhage in its immediate neighbourhood.
The medial cavity extends into the cortex ; it is lined with a thin layer of organized granulation tissue containing small lymphocytes and many pigmented macrophages. The walls of the lateral cavity are composed of ragged oedematous cortex and white matter containing small recent haemorrhages. Sections from the infarcted areas in the posterior frontal and parietal lobes confirm the macroscopic appearances of old anaemic infarcts. None of the meningeal arteries bears evidence of previous occlusion, but the adventitia of a small artery in the parietal region contains a small group of foreign-body giant cells.
The medial cavity in the frontal pole represents the site of an old haemorrhage corresponding either to the initial disturbance recorded three years ago, or to the more recent incident three months ago. From evidence published elsewhere (Russell, 1954) the more recent of these dates may be excluded.
The pigmentation of the adjacent leptomeninges testifies to its leakage in the region of the gyrus rectus. The lateral cavity is obviously the result of a terminal haemorrhage. This also gave way into the leptomeninges and, presumably from sudden focal pressure, into the subdural space.
The pathological examination does not establish the origin of the infarcts in the hinder part of the left cerebrum. But the group of foreign-body giant cells in the adventitia of one meningeal artery suggests the escape there of some substance which excited this reaction and that substance may have been the diodone used in angiography. (Fig. 5) . On September 25, a right lateral osteoplastic flap was raised and a centro-parietal intracerebral haematoma evacuated. In the posterior wall of the haematoma there was a small knot of blood vessels, a few millimetres wide, going down into a tougher piece of clot. This was removed for histological study. Vessels were then encountered passing through a thin septum between the cavity and the lateral ventricle. These were coagulated. Her post-operative course was uneventful. A post-operative angiogram (on October 5) showed the small hamartoma to have been removed (Fig. 6) Clinical History.-About eight hours before admission he received a slight blow on the back of the neck; five hours later he returned from school with intense headache and vomiting. He gradually lost consciousness and by the time of his admission he was in coma. There were frequent jerking movements of all the limbs and frothing at the mouth, and occasional episodes of Cheyne-Stokes respiration. He had marked neck stiffness; the pupils were dilated and fixed, and the corneal reflexes were absent. Both plantar responses were extensor. Biparietal and bitemporal burr-holes were made to exclude surface haematoma. Heavily bloodstained fluid was found in both lateral ventricles. His condition became desperate and he died three hours later (12 hours after the onset of symptoms).
Pathology.-No abnormalities were observed at necropsy (P.M. 29,54) apart from the brain. The cerebral hemispheres were moderately flattened. All the main cerebral arteries appeared normal and symmetrical. The right occipital lobe was expanded by a haematoma, measuring 3 by 15 cm., which occupied the white matter between the ventricle and the junction of the right superior and inferior parietal lobules posteriorly; it had ruptured into the ventricle. On the adjacent surface of the brain, the leptomeninges contained a cluster of dilated blood vessels measuring about 1-5 cm. diameter (Fig. 1) . Immediately beneath this and abutting on the haematoma, a group of vessels with thickened walls was visible under magnification, the patch so occupied measuring less than 1 cm. Further examination of the brain revealed haemorrhage throughout the ventricular system. There was no abnormality in the cervical spine and cord.
Microscopic Examination.-The subcortical focus is composed of enlarged, tortuous, malformed vessels (Fig. 7) . Most of these are veins with thickened collagenous walls containing scanty and irregularly distributed muscle fibres. A few arteries in the area are enlarged with abnormally developed elastica. In the tissue between the vessels there is patchy gliosis, severe focal oedema, and recent haemorrhage. Near (Figs. 8 and 9 ).
In view of the anatomical situation of these vascular anomalies a large and fatal intraventricular haemorrhage is apt to be the outcome. On the other hand, the lesion, like those described in Group I, may be small and difficult to demonstrate. In such the haemorrhage may lie in the centrum semiovale, as in the example now to be described. GROUP UlT There are six cases in this cerebellar group; three proved rapidly fatal, while the other three were relieved by operative treatment (Table I1I) .
Clinical Summary The three fatal cases cannot be distinguished clinically from the similarly catastrophic examples in the preceding groups. The remaining three presented features (as exemplified by Case 20) which strongly suggested a rapidly growing cerebellar tumour. They each had a history of several weeks of increasing intracranial pressure, and developed well marked signs of cerebellar dysfunction. Indeed, the disclosure of an intracerebellar haematoma at operation in Case 19 was considered to be due to a capillary haemangioblastoma, and a search was made for a mural nodule; a suspected portion of the wall removed for microscopic examination revealed merely organizing blood clot. It was not until 15 months later, when re-exploration was necessary on account of the recurrence of symptoms, that the area containing the vascular hamartoma in the white matter of the lower vermis was found and removed. As in Group I, therefore, the distinction between the type of lesion under present consideratiQn and a true neoplasm may only be made on occasion by operative measures.
Pathology
Although the cerebellum appears less frequently as the site of gross spontaneous haemorrhage in the vascular anomalies under discussion, it is not LE III uncommon, in the routine macroscopic examination of sections of fixed specimens, to encounter small and clinically silent lesions of this kind without any alteration of the vessels in the adjacent leptomeninges. Such an example is illustrated in Fig. 12 Clinical History.-For one month he had had occipital headache and giddiness in which he " felt he was spinning to the right ". He also complained of diplopia on looking to the left. Examination showed bilateral papilloedema, and sluggish pupils with coarse nystagmus on deviation to the right. There was weakness, hypotonia and ataxia of the left arm and leg. On May 30, a suboccipital craniotomy revealed broadening and flattening of the folia of the left cerebellar lobe; incision disclosed a haematoma, 3 cm. diameter, surrounded by ragged brownish membrane. There was nothing suggesting a mural nodule, but crossing the depth of the cavity was a prominent vcssel resembling an artery, and there were a number of vessels in the wall of the cavity which bled very freely. Tissue from the wall of the cavity was taken for histological examination. The patient made a satisfactory recovery following this operation. At the time of his discharge (June 22) he was symptom free and nystagmus was the only residual sign. When last seen (March 27, 1942) he was free of symptoms and working steadily.
Ill-sustained nystagmus to the right was the only abnormal finding.
Biopsy. Angiography showed a vascular lesion in two cases (6 and 8) of this series. In Case 6 the significance of the abnormal focus of blood vessels was controversial and no surgical intervention was undertaken. In two other cases (7 and 10) angiography was performed but no abnormal vascular filling was seen. It must be accepted that some of these cryptic vascular hamartomas are so small that they may pass undetected or even fail to fill in the angiogram. It is likely that a higher proportion will be detected by serial angiography. In the two cases in which no abnormal vessels were seen, the vascular displacement of a space-occupying lesion, i.e., a haematoma, was seen, so that the angiograms were of value. However, in Case 6, referred to above, there was no vascular displacement, and this added to the difficulty in diagnosis. We may thus regard angiography as a highly important investigation, but it is by no means conclusive in every case. Ventriculography may furnish supplementary information.
In Cases 7 and 9 there was a history of mild antecedent trauma to the head, and the diagnosis of subdural haematoma was considered. Our clinical histories do not fully establish how frequently trauma precedes cerebral haemorrhage in these cases, but it was also noted in two of four examples of vascular hamartoma reported by Margolis, Odom, Woodhall, and Bloor (1951) . This factor may be relevant to the problem of Spatapoplexie, postulated by Bollinger in 1891. It is also of medicolegal importance, for the coroner's pathologist may misinterpret his observations in dealing with these cryptic hamartomas unless a careful scrutiny of the brain is made. In Case 5 pregnancy was probably the inciting cause of the rupture; the patient's blood pressure was normal at the time.
In Group II our data suggest that both the situation of the vascular lesion and the distribution of the haemorrhage render it improbable that any effective treatment is possible. These cases were all rapidly fatal. Sterzing (1908) recorded an example of this group, however, in a man aged 32 who survived a right hemiplegia, with speech defect, from the age of 10, and finally died from a further haemorrhage. At necropsy a collection of abnormal vessels was disclosed in the corpus striatum, extending towards the ventricle at the caudate nucleus and uniting with the vessels of the choroid plexus. As far as we are aware this is the only instance of survival from haemorrhage when the vascular anomaly has been of the Group II type.
The recognition of small venous and arteriovenous hamartomas in the cerebellum is of particular importance, first because this part of the brain is regarded as relatively immune, and secondly because their clinical recognition may lead to lifesaving treatment (Cases 18 to 20). As we have already indicated the clinical distinction between these and rapidly growing cerebellar tumours, especially cystic varieties, and also abscesses, is difficult and, at operation, the finding of a haematoma may provoke the diagnosis of capillary haemangioblastoma unless the abnormal vessels are identified.
We have thought this series of cases worthy of record because the cryptic hamartomas have received little attention in the literature. Noran (1945) , in a general review of the intracranial vascular tumours and malformations, recognizes that these lesions may be clinically silent and revealed only at necropsy. In illustration he quotes two cases in which the vascular anomaly (apparently venous) was discovered only on microscopy; one lay in the subcortical cerebral white matter, the other was in the cerebellum and pineal region. The most important contribution to the subject from this angle is that of Margolis and others (1951) . From the post-mortem study of six cases, in four of which fatal haemorrhage was attributable to small vascular malformations, they identified three in which an arteriovenous (Case 1) or venous (Cases 3 and 4) lesion was responsible; in the first the depths of a left parietal sulcus and the adjacent brain were involved, in Case 3 it lay anterior to the right caudate nucleus, and in Case 4 a tributary of the left lesser vein of Galen was responsible. In their Case 2 the lesion was pontine and, from the description, was perhaps a cavernous
